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A description of the DSN VLBI data set and of last. year’'s analysis
can be found in last year’'s report (see |IERS Technical Note 17, pp. R 19
to R 32). O her than including another year’s data, the main changes in
this year’s analysis fromlast year’s are in the use of neteorol ogical
data for determ ning tropospheric paraneters and in the weighting of the
data to account for the uncertainty in the observable caused by
tropospheric effects and source structure. A priori dry zenith
tropospheric delays were determ ned from barometric pressure
neasurenents at the DSN sites, corrected for height differences between
the pressure sensor and the antennas. A priori wet zenith tropospheric
del ays were derived fromtables of nonthly average wet zenith delays for
each station, which are based on historical radi osonde data. The Lanyi
function was used for mapping zenith tropospheric delays to observed
el evations . The tenperature at the top of the boundary |ayer, a
paraneter in the Lanyi function, was taken to be the 24-hour average of
the surface tenperature at the station. Adjustnments to the wet
troposphere zenith delays were estimated every two to three hours.

The raw observabl e uncertainties have been nodified by adding
quadratically four additional uncertainty conponents. The first
component is a source-specific constant determ ned from source-specific
resi dual scatter. It varies fromOto 150 ps for delays (O to 100 fs/s
for delay rates), and tends to be associated with sources having known
structure. The second and third conmponents -— one for each of the two
stations -— are proportional to the a priori wet tropospheric delay
(which grows as elevation angle decreases) with a proportionality
constant of 0.042 for delays and 7.5*10**-5*sec**-1 for delay rates. The
fourth conponent is an “additive noise” constant selected to nake the
Chi Square of the postfit residuals approximtely equal to the nunber of
degrees of freedomin the sol ution. The delay and delay rate additive
noi se constants were adjusted separately for each CAT M&E observing
session. For the TEMPO data, the additive noises were adjusted for each
of several blocks of observing sessions. The change in the tropospheric
error nodel conpared to |last year has dramatically reduced the size of
the “additive noise” constants needed for the delay rate data.

Duri ng cal endar year 1994, the TEMPO project produced earth
rotati on neasurenments from 91 dual frequency observing sessions, wth
a nmedi an standard error along the mnor axis of the error ellipse of
0.3 milliarcseconds (mas), and along the major axis of 1.4 nas. Duri ng
1994 the nedian turnaround tine for TEMPO neasurenents, from observation
to availability of earth orientation paraneters, was 48 hours.

In the Tidal ERP table below, the argunent conventions are those of
Severs et al. (1993). The formal errors ranue from 11 to 46
m croarcseconds but realistic uncertainties are probably about 70
microarcseconds (one standard deviation)
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Short Period Tidal ERP Variations

Peri od UT1 (m croseconds) Polar Motion
Anpl i t ude Phase
Term (hours) Cosine Sine (microarcseconds ) (degrees)
prograde retrograde prograde retrograde
K2 11.96724 1.6 2.7 46 : 45 229
S2 12. 00000 0.1 9.3 5 130 53 310
M 12. 42060 -10.8 17.0 72 248 117 275
N2 12.65835 - 1.0 2.8 16 34 88 221
K1  23.93447 11.8 24. 4 176 0 154 .
Pl 24.06589 - 1.3 - 3.1 91 0 309 .
01 25.81934 -10.6 -13.2 155 0 301 .
Q1 26.86836 3.2 - 2.0 42 0 326

Cel estial Epheneris Pole Mtion Mdel (nutations relative to ZMOA-1990-2)

IAU-Index Period Phase Component Adjustment For mal Ceneral i zed
Error Error
days mas mas mas
precessi on Longi t ude -3.05/yr 0.05/yr 0.07/yxr
obliquity rate oliquity -0.26/yr 0.03/yr 0.03/yr
Y- of f set L sin eps -17.59 0,23 0. 36
X- of f set Oobliquity + 5.61 0. 36 0.37
1 -6798. 38 In Longitude - 0.27 0.25 0.41
Qoliquity - 0.06 0.08 0.08
out Longitude + 0. 30 0.16 0.21
Oobliquity - 0.04 0.15 0.16
2 -3399. 19 In obliquity - 0.23 0.04 0.04
Qut Longi t ude -- 0.29 0.10 0.11
Qoliquity + 0.09 0.08 0.08
10 365. 26 In Longi t ude - 0.35 0. 06 0. 06
Qoliquity + 0.06 0.02 0.03
out Longitude + 0.33 0. 06 0.07
obliquity - 0.01 0.02 0.03
9 182. 62 In Longitude - 0.07 0.05 0. 05
Qoliquity - 0.02 0.02 0.03
Qut Longi t ude + 0.17 0. 06 0. 06
Qoliquity + 0.03 0.02 0.02
31 13. 66 In Longitude - 0.24 0.04 0.11
Qoliquity + 0.14 0.02 0.04
Out Longi t ude -t 0.31 0. 06 0.10
Qoliquity + 0.10 0.02 0.04
-429.8 In Longi t ude - 0.24 0. 06 0. 07
Qoliquity -t 0.03 0.02 0.03
out Longi t ude - 0.45 0. 06 0. 06
Qoliquity - 0.15 0.03 0.03




Techni cal description of solution JPL 95 R 01

1 - Techni que: VLB3

2 - Analysis Center: JPL

3 - Software used: MODEST

4 - Data span: at 78 - Jan 95

5 - Celestial Reference Frane: RSC(JPL) 95 R 01
a - Nature: extragalactic

b - Definition of the orientation
The Right Ascension and Declination of QI 287 (0851+202)
and the Declination of CITD 20 (0234+285) were held fixed
at the values specified in RSC(IERS)94 C 0O1.

6 - Terrestrial Reference Frane: SSC(JPL) 95 R 01

a - Relativity scale: LE (TDT = geocentric With [|AT)
The relativity nodel used is
essentially equivalent to the
“consensus nodel ” described by

Eubanks.
b - Velocity of |ight: 299 792 458 /s
¢ - Geogravitational constant: 3.9860 0448 *10*14 nr*3*s**-2

d - Permanent tidal correction: Yes
e - Definition of the origin, and

f - Definition of the orientation:
Six constraints were applied to the nine coordinates
(at epoch 1993.0) of DSS 15, DSS 45, and DSS 65, such that
if a seven paraneter transformation (3 translations,
3 rotations, 1 scale) between the JPL 1995-1 and ITRF-93
systens were estimted by unweighed | east. squares applied to
the coordinates of DSS 15, 45, and 65, then the resulting
3 translation and 3 rotation parts of” the transfornmation
woul d be zero while the scale could be nonzero and unknown in
advance of computing the catal og. (When expressed as the dot
product of a nine dimensional unit vector with the nine
station coordinates, each constraint is assigned an a priori
standard devi ation of 5 mm this does not. affect the
resul ting coordinates but does affect the calculated fornma
errors, giving them a nore spherical distribution than would
result if either very large or very snmall a priori standard
devi ati ons were used.)

g - Reference epoch: 1993.0
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h -

i -

Tectoni ¢ pl ate nodel: ITRF-93 plus adjustnents
Constraint for time evol ution

Three-di mensional. site velocities were estimated for each of
the three DSN conpl exes. Al'l stations in each DSN conpl ex
were assuned to have the sane site velocity. The velocities
were constrained so as to produce no net translation rate and
no net rotation rate, for the network composed of the three
DSN conpl exes, relative to the net notion of this network of
three sites as expressed in the 1TRF-93 velocity field. (When
expressed as the dot product of a nine dinmensional unit vector
with the nine site velocity conponents, each constraint is
assigned an a priori standard deviation of 1.0 mm/yr; this
does not affect the resulting velocity conponents but does
affect the calculated formal errors, giving thema nore
spherical distribution than would result if either very |arge
or very small a priori standard deviations were used. )

Earth Orientation: EOP (JPL) 95 R 01

a -

b -

A priori nutation nodel: ZMOA-1990-2 plus adjustnents

Short-period tidal variations in x, y, UTI1:

As part of the JPL 1995-1 catal og solution we estimated
coefficients of a nodel of ERP variations at

nearly-diurnal and nearly-semidiurnal tidal frequencies.
(Nearly-diurnal polar notion variations were constrained
to have no retrograde part, thus allow ng sinultaneous
estimation of notations. ) The reported earth rotation
paraneters have had these tidal frequency variations
renoved according to the parametric nodel estimated in the
catal og sol ution. (I'n other words, these effects have NOT
been added back in produci ng EOF(JPL)95 R 01.)

Esti mat ed Paraneters:

a -

b -

Cc -

d -

Cel estial Frane: ri ght ascension, declination
(all sources, but see 5b)

Terrestrial Frane: X) ¥ Yo, 20, k, Y, 7
(by station) (by site)

Earth Oientation: UT0-UTC and Variation of Latitude

of the baseline vector

precession constant, obliquity
rate, celestial pole
of fsets at. J2000

coefficients of 23 nutation terns

coefficients of 40 diurnal and
semidiurnal tidal terns in ERP

Q hers: wel zenith tropospheric del ays
station clock offsets, rates,
and frequency offsets




Appendi x 1: Summary of TEMPO Report to IERS:

JPL . NASA' s Deep Space Network operates radio tel escopes in three
conpl exes: in Australia, Spain, and the USA (california) . VLBl data
collected fromthese sites by JPL between 1.978 and 1995 were anal yzed

for celestial and terrestrial frames and earth rotation paraneters,

and reported as JPL 95 R 0O1. The celestial. frame gives coordinates for
287 radio sources and is tied to RSC(IERS)94 ¢ 01 through three coordinates
of two sources. The terrestrial frame gives station coordinates and
velocities for 10 stations in 3 sites, and is tied to ITRF-93 in both

| ocation and velocity using one station in each site. The analysis gives
a time series EOP(JPL)95 R 01 containing the UT0-UTC and Vari ation of
Latitude of a baseline vector at a frequency of two measurenents per

week. Additional earth rotation information is provided in estimted
corrections to precession, obliquity rate, celestial pole offsets at
epoch, 23 coefficients of nutation terms, and 40 coefficients of a
paranetric nodel for the nearly-diurnal. and nearly-semidiurnal tida
frequency variations of uTl and polar notion.

Appendi x 2: Oper ational Characteristics of TEMPO VLBI data

NASA' s Deep Space Network (DSN) operates radio telescopes for the prinmary
pur pose of communicating with interplanetary spacecraft. The DSN has
three conplexes: in California, in Spain, and in Australia. The Tine and
Earth Motion Precision Cbservations (TEMPO project. uses the DSN

tel escopes to make rapid turnaround VLBI neasurenments of station clock
synchroni zation and earth orientation in support of spacecraft navigation,
whi ch needs extrenely tinely, noderate accuracy earth rotation

i nformation. In TEMPO observations the raw bit streans recorded at the
tel escopes are telenetered to JPL for correlation, so that no physical
transportati on of nmagnetic tapes is involved. TEMPO uses the

JPL-devel oped Block | VLBI system which has a 500,000 bits/second
sampling rate, wth tinme-division multiplexing of channels. This sanpling
rate pernmts the telenetry, and thus nakes rapid turnaround possible. The
reduced sensitivity caused by the relatively low sanpling rate in

conmpari son to other present-clay VLBl systens is largely conpensated by the
very large antennas and very |ow system noise levels of the DSN

t el escopes. At present the DSN nominally schedul es two TEMPO observing
sessions per week, one on the Spain-California (SC) baseline, and the
other on the Australia-California (AC) baseline. Each session is
generally 3 hours in duration (occasionally less), and records a maxi num
of 20 sources.

The Earth rotation results from each TEMPO measurenment session are
reported by specifying the UTO and Vari ation-of-Latitude (DPHI) of the
basel i ne VECTOR for that session. Each such UTO0-DPHI pair has an
associated error ellipse in the UTO0O-DPHI pl ane. Each such error ellipse
is conpletely specified by the reported standard errors and correlation
coefficient between UTO and DPHI. For single baseline VLBl neasurenents
of ERP, such as the TEMPO neasurenents, this error ellipse is typically
quite elongated, with a ratio of major axis to mnor axis of about 4:1.
Therefore, for a proper interpretation of these data, it is CRUCIAL to
make full use of the reported correlation coefficient . For a

singl e-baseline VLBl estimate of earth rotation, the orientation of the
error ellipse in the UTO-DPHI plane is nostly determined by the gl obal
station geometry. The direction of the minor axis of the error ellipse in
t he UTO-DPHI plane as predicted by the station geometry is called the




transverse rotation direction, and corresponds to the notion of the
baseline in the local horizontal at each station or equivalently to a
rotation about an axis through the center of the earth and the mi dpoint of
the baseline. In addition to being relatively insensitive to random
neasurenent errors, the transverse rotation component is also relatively
free of errors introduced by tropospheric nodeling errors, antenna

def ormati ons, and other sources of systematic |ocal-vertical errors.

TEMPO VLBI neasurenments are intended to support near-real-tinme know edge
of earth orientation. As a VLBl data type, the TEMPO results provide UT1l
information that is stable with respect to the celestial and terrestrial
reference franes. As a result, the TEMPO data are particularly effective
when conbined with a high tinme-resolution, rapid turnaround, but not
inertially stable source of UT1 information. At JPL, neteorologically
neasured gl obal atnospheric angular nmonmentum val ues (and forecasts) are
conbi ned with geodetic ERP data, including the TEMPO VLBI results, to
provide near-real-tine values and short term predictions of earth
orientation (see: Freedman, A.P., Steppe, J. A, Dickey, J.O, Eubanks,
T.M, and Sung, L-Y. , The Short-Term Prediction of Universal Tine and
Lengt h-of - Day Usi ng At mospheric Angul ar Momentum, J. CGeophys. Res., 99,
6981-6996, April 10, 1994).

The quality of real tinme know edge of earth orientation is critically
dependent on the tineliness of the nost recent neasurenment, even if it has
relatively |arge uncertainty. Therefore TEMPO results are reported even
when the observing session was degraded so that the nmeasurenent
uncertainty is nmuch larger than the typical TEMPO uncertainty. Thus it is
i mportant to account for the reported uncertainty acconpanyi ng each TEMPO
result . Empirical RVS residuals froma set. of TEMPO data will be

donmi nated by the snmall nunmber of |arge-uncertainty points. Therefore RVS
residuals are not a good neasure of the typical accuracy of TEMPO
nmeasurements. The uncertainty scaling factors for the TEMPO data

devel oped by Richard Goss in producing the conbination-of-techni ques EOP
series SPACE94 were in the range 1.1 to 1.5. During cal endar year 1994,

t he TEMPO neasurenents had a nedi an standard error along the mnor axis of
the error ellipse of 0.3 milliarcseconds (mas), and along the major axis
of 1.4 nms.

TEMPO formal uncertainties have decreased dramatically from the begi nning
of the programin 1980 to the present. Thus “average” uncertainties over
the full history of the program are not representative of the
uncertainties of current neasurenments. Simlarly, typical residuals over
the full history are not representative of current residuals.

Typical TEMPO results fromthe Australia-California (AC) baseline have an
error ellipse in the AC-UTO--AC-Variati on-of-Latitude plane that has its
maj or axis nearly aligned with the AC-UTO axis and its mnor axis nearly
aligned with AGC Variation-of--Latitude. Thus for AC points UTO is
essentially the weak direction and residuals of order 1 .4 mas are to be
expect ed. Most of the information content of AC points is in the

Vari ation-of -Latitude conponent, so failure to use the

Variation-of -Latitude anobunts to throwing away nost of the value of the AC
points . Properly used, the AC points contribute substantially to
near—real -ti ne know edge of Polar Mtion Y, and significantly to
very-near-real -tine know edge of UTL.

Typical TEMPO results from the Spain-California (SC) baseline have an
error ellipse in the 8C-UT0--SC-Variation-of- Latitude plane that has its
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maj or axis rotated roughly 35 degrees away from SC-vVariation-of-Latitude
t owards negative SC-UTO. Thus the SC points have a typical UTO

uncertainty of about (1.4 nmas) * sin(35 degrees) = 0.8 mas. |f used
Wi thout considering the correlation between UT0 and Variation of Latitude,
the UTO values will have errors of order 0.8 mas, which anounts to

throwi ng away nost of the value of the SC points. To get full value from
the SC points when comnbining them with other KEOP neasurenents, it is best
to performa fully multivariate conbination; failing this, one should at

| east conbine one’s know edge from non- TEMPO sources of the
SC-Variation-of-Latitude with the TEMPO-report.ed UTO-Variation-of-Latitude
pair and standard errors and correlation coefficient, to get an inproved
SC~UTO before transforming it to UT1. Geonetrically this anmounts to
intersecting the angled SC error ellipse with a “small in polar notion but
large in UTI®° error ellipse from other sources. Properly used, the SC
points contribute substantially to near-real-Lime know edge of UTL.




